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SUMMARY

Fifteen ground water research stations have been drilled to obtain
geologic and hydrologic data of the aguifer underlying the Eastern Shore
of Virginia. A ground water monitoring network was established to
provide long term hydrologic data. Aquifer tests were conducted on
three of the major well fields. Aquifer coefficients calculated from
these tests were used to develop distance-drawdown graphs employed in
evaluating existing conditions. Additionally these graphs' coupled
with the hydrogeologic and water quality information, can be used for
planning additional ground water withdrawals.

The hydrogeology of sections of the Eastern Shore are discussed
and examples of current hydrotogic conditions are presented. Outside
current cones of d.epression ground water potential is thought to be
twice current usage, but proper management of the resource is needed
to prevent salt water intrusion and to minimize well interference
problems.

Alttrough several large cones of depression have formed in both
Accomack and Northampton Counties, no occurrence of salt/fresh water
intrusion or over purnping was found. Continual monitoring of water
quality and water levels will provide a better record of long term
effects of current pr.unping and provide better estimates of potential
for additional wittrdrawals .





GRANIS

This report is the result of a study supported by a grant from
the Coastal Plains Regional Conmission under Agreement Number LO14OO7 -

Ttre grant provided for the drilling of ground water research stations,
the gathering of relevant hydrologic cata and the development of a

computer model used in the evaluation of the water levels and water
quality of the Eastern Shore. Additional funding was provided by the
Water Resources Council and the Coastal Plains Regional Conunission to
extend the project for one year to October 1981 and perform several
pump tests so that quantity data could be developed-

The computer model was completed in October, L977 and published
by the State Water Control Board as Planning Bulletin 309. The data
gathering and dril-ling of the research stations started in Apr:il, L977

and has continued until February, 1981. Three aquifer tests were
performed and evaluated from October 1980 to October 1981. Monitoring
of water quality and water levels at the research stations continued
during the year extension and wilf continue to be part of the State
Water Control Board's data gathering programs.

METHODS OF IN\IESTIGATION

The largest portion of the field work carried out r:nder this
program consisted of the installation and monitoring of fifteen
research stations. Tkrese stations. consistinq of from three to
four observation wells, were drilled on private property leased
from the owner through a long term cgntractual agreement. The

research station sites were determined and surveyed with coopera-
tion from the field office of the Soi-t and Conservation Service
located in the Town of Accomac. Drilling of the stations was

contracted to private drilters using a closed bidding system.
Of the fifteen stations, twelve were drilled by Delmarva Drilling
Company from Bridgeville, Delaware and two were drilled by Creason
and Sons from Zuni, Virginia. One station was installed as part
of the regular State Water Control Board's drilling program'

In addition to the research stations, an effort was made to
obtain geohydrologic data from existing wells on the Eastern Shore.
Thris data coll-ection effort consisted of obtaining geophysical loqs
and geologic logs from all newly drilled we1ls on the Eastern Shore
and establishinq a water level monitoring network using both the
research stations and existing conunercial and industrial we1ts.
Trrese same wefls were also used to obtain quality data. As this
sampling net\^rork is monitored in the future, long term records can

be established which will give a reliable indication of water quality
trends in the ground water supply of the Eastern Shore.



PREVIOUS INVESTIGATION

Several reports dealing with the ground water conditions on the
Eastern Shore have been published. Ttre earliest report dealing
specifically wittr Accomack and Northampton Counties is by Samuel
Sanford titled T'he Und.erground Water Resources of the Coastal Plain
Province of Virginia, Bulletin No. V, 1973 of the Virginia Geologic
Survey. A more recent report by Allen Sinnott and G. Chase Tibbitts,
Jr., was published in 1968 and titled The Ground Water Resources of
Accomack and Northampton Counties, Virginia, Mineral Resources Report
9, prepared by the Virginia Division of Mineral Resources. A third
report was published by the State l^later Control Board as Planning
Bulletin 45, Groundwater Conditions in the Eastern Shore of Virginia,
L975, by E. A. Siudyla.

GENERAL

Accomacl< and Northampton Counties comprise the study area and
are collectively referred to as the Eastern Shore of Virginia (Figure
1). They make up the southern portion of the Delmarva peninsula whictr
includes the eastern portion of Maryland and all of Delaware. Ttre
peninsula is bordered to the west by the Ckresapeake Bay and to the
east by the Atlantic Ocean. It is connected with the Virginia main-
land by the Ctresapeake Bay Bridge Tunnel.

Ttre Eastern Shore is physiographically a part of the Coastal
Plain Province, a seaward sloping stratified body of sediments,
bounded on the west by the Fatl Line and on the east by the Atlantic
Ocean. Ttre sediments in the two counties consist primarily of uncon-
solidated gravel, sand., silt and clay. Ttre peninsula trends in a
north-south direction and is about 70 miles long. It is relatively
narrow with an average width of eight miles in Accomack and six miles
in Northampton County. Coastal islands and extensive tracts of marshes
separate the mainland. from the Atlantic Ocean. Marshes are also
found on the western side, Ctresapeake Bay, especially along the
Accomacl< County shore line. However, eresion has eliminated most
of the marshes along the coast line in Northampton County. Ttre
topography is predominately level and has a maximum surface elevation
of 50 feet. The present surface features consist of pleistocene
Terraces; individual units can be distinguished by different soil
types and changes in elevations. f\,vo distinguishable elevation
changes occur at the bay and ocean side. Ttre land in between is
referred to as the upland and along the shore as foreland.

The central- portion of the Eastern Shore is relatively flat but
does form the drainage divide- The Eastern Shore is well drained and
is characterized by several creeks which in their ]ower reaches are
tidal estuaries fed by narrow branches. These estuaries are more
pronounced on the Ckresapeake Bay side and receive most of the surface
and ground water drainage. In contrast, the creeks are smal-ler and
less pronounced on the ocean side.
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In many places ditches were conslructed to connect the creeks
thereby increasing runoff rates. Dams have been built in several
estuaries below and at the head of the tidewater to provide a
source of water for crop irrl-gation during drought periods. This
practice in turn has increased the retention time of the nrnoff
water, adding to the ground water recharge.

The climate of the peninsula is temperate; the average annual
precj-pitation is 43 inches. Although this rainfall is equivalent
to one half trillion qallons of water per year, very little is
usable as a ground water supply since most of the precipitation
is lost through runoff, transpiration and evaporation.

Ttre soils of the Eastern Shore are predominately made up of
sand, si]t and she1l fragments. Ttre dominant constituent is sand,
which contains varyi-ng amounts of finer particles ranging in size
from very fine sand to clay. This range and combination of soil
types comprise the six soil associations found on the Eastern Shore.
In general, the soils are moderately well drained, except in certain
sections of the foreland along the Bay associated with Accomack
County and along the oceanside of Northampton County. In these
locations and a few isolated areas on the upland of both counties
the tight soils reduce the arnount of rainfall reaching the aquifers,
thereby decreasing the recharge rate. Most soils are underlain by
a fine-to medium-grained sand which is an excellent medium for
providing recharge to the underlying units.

Ttre natural vegetation on the Eastern Shore consist of forest
and wetlands. The forests are predominately grown for timber and
are located mostly on the poorly dr:ained soils. The wetlands make
up a srrbstantial portion of the forel-and on the east side of the
peninsula and on the bayside along Accomack County.

Tkre population of both counties can be described as rural with
one third living in the 19 incorporated towns. Nunerous smal] com-
mr:nities are scattered along the rural routes and U. S. 13. The
main concentration of people is adjacent to the railroad and U. S.
13, where most of the commercial and industrial establishments are
located. Tkre seafood industry supports smal1 communities along the
bay and oceanside and, more recently, a trend is developing towards
retirement and recreational communities.

The Eastern Shore derives most of its income from the food
processing industry. Seafood, agriculture and the related processing
industries have long been an important aspect of the Eastern Shore's
economy. Most industrial water use is related to the processing of
food products principally seafood, vegetables and poultry.



HYDROLOGIC CYCLE

Ttre peninsula is hydrologically in a wrique situation. No major
streams or other surface water supplies exist to aid in providing pot-
able water for human needs. Ttre water needs' except for a portion of
the irrigation water, are supplied by ground water. This ground water
is constantly replenished by rainfall and the scenario in which this
operates is called the hydrologic cycle (Figure 2) -

TLre natural system is generally in dynarnic equilibrium' however'
when man pumps from aquifers, changes in tkre eguilibriun occur. Wittl
moderate wittrdrawals the ground water is adequately recharged but
when withdrawals exceed a certain optimum quantity, the aquifer may

be harmed and salt water encroachment can occur. This optilnum balance
between wittrdrawal and recharge can be defined as the safe yield of
the aquifer. Continuous observation of water levels and water qual-ity,
speci-fically with regard to the chloride levels, will ensure that the
safe yield is not exceeded. Using agulfer test data' an evaluation
of safe yield can be made, however, the exact amount of recharge can
not be adequaLely determined and long term effects from ptlrnpage will
be hard to estimate.

GROUND WATER DEVEIOPMENT

Ttre principal factors governing the amount of ground water whi-ch

can be recovered from the waterbearing formations are the texture and
stratification of the materials, the arrangement and size distribution
of the grains, and the lFrmeability of those formations- A major
portion of tlre subsurface on the Eastern Shore consists of a mi-xture
of silt, sand and shell fragments whicir resul-ts in the formation
having a relatively low permeability. Large diameter and multi-
screened wells are generally needed to produce quantities larger
than 100 gallons per minute. In some areas, formations consist of
fine gravel and coarse sand, which can produce well yields of 500

to 750 gpm.

The major pumping centers on the Eastern shore are confined to
five areas; three in Accomack County and two in Northampton County.
Figure 3 shows these pumping centers and they are defined by the
following areas: Hallwood-Temperanceville, Orincoteague-NAsA,
Accomac in Accomack County, and Exmore-Willis Wharf, Cape Ctrarles-
ctreriton-Qzster in Northampton county. Ttre pumpages presented on

Figure 3 are averages obtained from pumpage and use reports sub-
nitted by the users and reflect a three year period (1977-L979).
Many users, until- recently, did not meter their use and t].e data
were sulcmitted as estimates. These estimates' if available' were
included to produce the three year average.

As these averages do not reflect the seasonal variations of
pumpage, particularly in the vegetable processing industry' they
may not indicate ttre stress placed on the aquifer at certai-n periods
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of the year (primarily sunrmer and falL). For instance, the given three
year average for the Kane l4i11er Corporation in Cheriton is 0.28 MGD,
however, during 1979 withdrawals averaged 0.8 MGD during the fall
months, wj-th a peak use of 1.4 MGD occurinq during the sunmer.

Anot-her aspect not evident from the given average pwpage figures
is the changes in pumpage which have occured recently. Under tfte Ground-
water Management Area permit system any industry which uses 50,0OO gpd
or more must apply for a permit to use ground water. When the system
went into effect in 1976, ten industries received a grandfathered certi-
ficate refl-ecting their maximum usage. Since that time one new certificate
has been issued and four increases have been granted. This represents an
increase of 16.7? over the 1976 amount of 8,861,450 gpd total permitted
withdrawal and reflects the cumulative maximum the industries can
pump in one day. Ttre average pumpage per day is, of course, lower,

Six of ttre towns have a municipal water service to their resi-
dents and have the following daily averaqes:

GaLlons Per Dav+

Chincoteague
Parksley
Onancoek
E:gnore
Eastville
Cape Charles

419,000
92,5OO

192 ,000
116,000

38,000
165 , Ooo

The Town of Chincoteague increases to as much as 585,000 gpd
during the summer months. Ttrere are a total of twenty-four snall
public htater systems which operate orr ttre Eastern Shore. These
are systems whictr serve sr:bdivisions and trailer parks.

In addition to j-ndustrial and domestic uses, irrigation is
another major use of ground water. TLre weLls are Eenerally large
in diarnet€r. but only draw from the water table aquifer. This use
is largely dependent on precipitation and operates primarily during
dry periods. No permit is necessary for this use and consequently
quantitative information on ttrese systems is not available. However,
some of these wel-ls are capable of delivering up to 750 gpm, which
is a larger rate than any of the existing industrial or public
supply wells.

Domestic withdrawal.on the Eastern Shore is scattered ttrrough-
out the peninsula, concentrated only in the communities without a
public system. Total estimated private use, using 1970 population
figures, is approximately 3.5 MGD assuming a 100 gpd per person
consumption.

The total ground water u3e on the Eastern Shore is approximately
MGD, excluding use for irrigation. llris anount is only a portion

the total available supply. It is estimated that twice this ampunt
readily available in the many untapped areas.

8.5
of
is

8



rn the "specific Areas" section of this report, geohydrologic
cross-sections and pumpage data are given along with some of the
pertinent information en the major wells and weLl fields as well as
the analyzes of the purnp tests. Ttre demarcation of the salt,/fresh
water interface is given in the cross sectisns and an isogram is
presented in the guarity section of this report. Alt of this infor-
mation can be used to derive workable estimates of the potential
available yield in these areas. Although approximate yield estimates
are given in some instances, it should be noted that onry through
test drilting and aquifer tests can the necessary quantitative data
be provided so that well yields can be predicted for a specified
area. Generally, the greater quantities of water are available
along the central ridge. $re available anount of ground water will
din:inish towards the ocean and bay. the deptlr of new wells should
be kept far above the bottom salt,/fresh water interface to prevent
upconing of salt water. using proper management and development
practices, sufficient ground water is available to meet future
needs of at least twice the current demand. Continuous monitoringr,
data gathering and analyses of the ground water system wilr keep
serious problems from deveroping and allow reliabre estimates of
water availability to be made.

POTENTIAL AND EXISTING PROBLEMS

rn order to effectively manage the ground water on the Eastern
Shore, the major impacts from pumping large quantities should be
discussed in more detail.' The problems can be cl.assified into three
main areas: f) Salt water intrusion, pumping close to the bay or
ocean or close to the bottom interface will cause the interface to
move towards the well field and eventually contaminate the aquifer.
2l Dewateringt excessive pumping of the aquif,er will cause consoli-
dation of the formation making it poorly transmissible and reducing
its storage capacity, and 3) well interference; this is probably the
largest probrem on the Eastern shore. t0trerever large quantities of
water are withdrawn a cone of depression wi}l develop and thus lower
the water level in the aquifer. smarler pumps and shallow welJ-s will
not be able to work against the increased drawdown and water sannot
be delivered. The only method to solve the loss of water to tliese
smarler water systems is to increase pump size, usuaLly a new werl
is also needed. In area$ on the Eastern Shore where well interference
has been a problem, water well compensation plans have been developed.
The larger users have replaced the inadequate pumps and wells with
new systems able to withdraw water from the new, artifically lowered,
water level.

Proper management techniques can prevent or n:inimize,potential
problerns. The principal solution to water well interference problems
rests in the judicious location of new welrs, by placing them outside
of current cones of depression. Keeping the depttr of the screens
well above the salt/fresh interface and maintaining a sufficient
lateral distance from the ocean or bay, coupled with good pumping
practices will naintain good water quality.



RECOVERY METHODS

Most of the wells on ttre Bastern Shore are less than -300 feet
mean sea level. Below this elevation water becomes unusable because
of the high chloride content. Along the bay and ocean the brackish
water may occur at a much higher elevation. Several different methods
of well construction and means of recovery are used on the Shore. Most
ocmmonly a rotary drill is used for all large welLs and most domestic
wells. Other methods such as jetting and driving wells are also used,
but not on a corunercial scale.

Most of the water for domestic purposes is recovered through I-L/4
or 2 inch diameter wells with five feet of screen drawn by an electric
centrifugal pump. Svro types of systems are commonly employed; the
shallow well and the deep well. Ttre shallow well will generally draw
water if tJ:e water level does not exceed a depth of 2O feet; a deep
well hook up is needed in order to withdraw water from depths greater
than 20 feet. Itre tatter type of system is generally needed at the
higher elevations and in the vicinity of the major well fields. Either
of these systems are commonly used for domestic needs although sr:bmersible
pumps are occasionally used for domestic supply. Most new industrial
wells are submersible pumps.

GEOLOGY

The general geology of the Eastern Shore has been described by
several investigators such as Sinnott and Tibbetts (f968), Teifke
(1973), Brown (1973) and Onuschak (1973) . Ttre area of interest for
this report confines itself to the geology of Stiocene and Pleistocene
age. lhe Miocene has been estimated to lie from a depth of 8O to
80O feet below the Eastern Shore. It is divided into four formations,
which in ascending order are the Calvert, Choptank, St. Mary's and
Yorktown. The upper portion of the Yorktovrn may in part be of Pleisto-
cene age. The separation of the different formations is not distinct
and is determined largely by the fossil assemblages. No attempt was
made to identify the various fossils during this study. Ttre study
concerned itself with the strata above -400 feet MSL and the correla-
tion between geohydrologically similar r:nits. These upper 3OO feet of
strata are part of the Yorktown formation except the upper portion
nhich contains the water table of Pleistocene age.

Ttre lithologic units are quite complex on the Eastern Shore, and
can generally be correlated only over short distances before significant
changes occur. Attempts to correlate r:nits along a north-south axis
generally will be nore successful than attempting an east-west corre-
lation. The transgression and regression of ttre oceErn wtrich during
Miocene and Pleistocene ti:nes occured in an east-west direction created
similar lithology in this direction.

Strata of the Miocene units consist of fine gravel, sand, silt,
clay and shell fragiments whictr make up the heterogieneous beds of the
Miocene. Because of this heterogeneity, gradational changes are conrmon
in these units and occur over short distances.

l0



HYDROGEOLOGY

The hydroloqical characteristics of the formation are strongl-y
influenced by the lithology in that the gradational sequence cause
a wide variation in the characteristics of the aquifer. Correlations
between different locations are more meaningful if geophysical logs
are used as the principal guide. These aquifers are termed, in this
report' the Pleistocene and Upper, Middle and Lower units of the Miocene.
A clear distinction can generally be made between ttre Pleistocene and
Upper Miocene, and between the Middle and Lower units of the Miocene.
$ee Figures 4 through 8 for thickness of aquifer and top of aquifer.
lhe Pleistocene r:nits are usually fine-to-medi':m grained sand, separated
by layers of silt from the Miocene. The Miocene units are a combination
of fine gravel, sand, silt, clay and shel1 fragrments. silt layers also
separate the three units of the Miocene. In several areas the separation
between the layers may not be very distinct. Because of the large variations
in lithology it can be difficult to distinguish the aquifers since several
silt layers may be present in a particular area. some areas have no
distinct silt layer and thus no separation can be made. The lithology
of all four units will also change laterally but the ctrange is much nrcre
dramatic in an east-west direction, as is demonstrated in the cross-
section, than in a north-south direction.

A wide variation in the physical composition of the aquifers exist
bec4use of the heterogeneity in the sediments. Aquifer paraneters are
presented in Table 1 and show the variations which occur on the Eastern
shore. These data are derived from various sources and show that a
range in transmissivity (the ease with whictr water passes through the
aquifer) from 1000 to 3800 gpd,/fL is common. Large variations exist
in tlhe test data obtained from both the pump and recovery portions of l

the tests as well as from different wells in the same well field.
These variations are attributed. to technical problems such as partial
penetration of the screens in the wa.ter bearinq formation, stight
differences in screen elevations, termination of the test before
stable conditions are attained, and the differences in screen and
well design' More reliable information is obtained using a production
anddire ormorcobservation wells, with screens open to the same formation.

WATER QUALITY

Water from each well of the research stations was sampled at the
time of construction and analyzed for 25 parameters. Subsequent samples
have been taken from each research station. A tabulation of the avail-
able analyses are presented with the individual station reports and
$urnmarized in 9able 2. Table 3 presents the ground water quality
standard.s used by the State Water Control Board.

Some of the cormnon parameters relevant to evaluating a water
source in this area are pH, chloride, nitrate/nitrite, sulphate,
and iron, The general analyses for these pararneters are discussed
below.

il
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We.l-l- No. ,

165-1
165- 39
I00-9
100-10
LOO-26
100-29
100- 30

9'7ell No.

165-183
165-184
165-1e6

Well No.

TABLE 1

Aquifer Parameters

Information from

Name

driller supplied

Northampton-Accomack Hospital
E:snore Foods
Holly Farms #4
Holly Farms #3
Perdue Foods #2
Perdue Foods #3
Perdue Foods #l

Information from Brown

Name

data

Transmissivity (gpd,/fL)

Recovery
Jacob

2886
18673
20592
19250
13549
18703

6844

100-4s0
100-451
100-28
165-34
165- 3 3
L65-29.
165-15 7
165-158

Brown & Root 0-2
Brown & Root 0-3
Brown & Root 0-3

Information from

Name

Chincoteague C

Chincoteague D
Town of Chincoteague #4
E><rnore Foods #4
Exmore Poods #1
E)fliore Foods #B
KMC Foods
KMC Foods

SWCB punp tests

Trans rni s s iti ty_lgpd/! s)_

& Root pump test

Trplrsmissivity (gpd,/ft)

Pumpi-ng
Theis Jacob

Storage Coef{icis.Ir3

Pumping
Theis ,Jacob

0.00055 0.00038
0.0013 0.00095
0.00068 0.00046

Storage Co_efficieqt

Pumping
Tl:eis

0 .000095
0 .00048

0 .00055

0.00026

1 700
3800
3500

Pumping
Theis

8672
8228

.11684
19864

10150
8928

2600
4600
5000

Recovery
Jacob

12118
8213
8904

2L450
2691 I
20188
r0675

17



CHEMICAL DATA

TABLE 2

F'OR EASTERN SHORE RESEARCH STATIONS

Well
No. Elev.

10IA -139
101A, -139
1018 -207
1018 -207
r01c -279
I01C -279
1024' -L43
102A -143
1028 -209
1028 -209
LO2C -295
LO2C -295
l03A '* L7
103A - 17
l03B -LL2
1038 -ILz
103C -2L5
103C -2L5
l04A -107
1044 *I07
104A -107
1048 -207
l04B -207
1048 -2A7
IO4C -277
104C *277
r04c -277
1045 - 3

1045 - 3

1045 - 3
105A - 95
105A - 95
t05B -161
1058 -161rosc -2sQ
105C -250
1064 - 29
106A - 29
1068 - 87
1068 - 87
106C -168
106C -168

Aquifef

U MIO
U MIO
M MIO
M MIO
L MIO
L MlO
U MIO
U MIO
M MIO
M MIO
L MIO
L MIO
PI,EIS
PI,EIS
U MIO
U MIO
L MTO

L MIO
U MIO
U l,lIO
U MTO

M MIO
M MIO
M MIO
L MIO
L MIO
L MIO
PLE]S
PLEIS
PLEIS
U MIO
U MIO
M MIO
M MIO
L MIO
L MIO
PI,EIS
PI,EIS
U MIO
U MIO
M MIO
M MIO

Date

6-77 7 -8
LO-79 7.9
6-77 7.7

lo-79 7.9
6-77 8.0

10-79 8.0
6-77 7.7
5-79 8.2
6-77 7.9
5-79 8.3
6-77 8.0
5-79 A.2
9-77 6.1
s-79 6.8
9-77 7.7
5-79 7.9
9-77 8.3
5-79 8.4

LO-77 7.5
9-79 7 -9
8-80 7.5

LO-77 7.6
9-79 7.8
8-80 7.6

LO-77 7.9
9-79 7.8
8-80 7.6

LO-77 7.A
8-80 6.4
8-80 5.9
6-78 7,7
8-80 7.4
6-78 8.0
8-80 7.9
6-78 8.4
8-80 8.3
9-77 6.8
8-80 6.2
9-77 7.A
8-80 7.4
9-77 7.9
8-80 7.8

Fe Na

0.10 7

a.29 11
o.90 9
0.16 tl
0.10 105
o.o8 13
0.60 78
0.40 55
0.10 303
0.30 22A
0.60 L547
0.50 5L2
1.00 23
0.16 8
o-20 30
0.04 L2
0.10 393
0.06 275
0.30 46
o.20 30
a.23 t6
0.30 27

0.15 L4
1.00 296
o.23 208
o.20 111
6.40 11

3.70 16

0.2;_ r:
0.14 51

NO2TDS C1pH

134
L62
150
l-64
383
168
314
343
763
863

3819
3967
442
508
2L5
22L
937
877
266
L92
181
169
160
r6r
976
681
531

L269
704
345
2L7
228
193
L97
594
s23
472

294

8;

8
7

16
1

L29
8

52
49

350
333

22L7
2L47

43
30
24
24

297
244
155
3t
24
72
31
20

903
293
207

66
43
35
20

I3

75
178

92
33
4L

313
318

Hrdns

L02
100
110
105
131

98
91
90

105
LO2
357
376
224
229
116
L4L

46
57

135
r03

98
99
91
87

2LO
L76
L52
150
124
L32
L22
138

34
42
24
26

L23
78

204
202
185
L62

0. 09
0.70
o.37
0.05
0.26
0. 05
0. 05
0.05
0.05
0. 05
0.05
0. o5

12.00
L7.60

0. 3I
0.50
0.60
0.05
0.05
0.05
0. 05
0. 05
0. 05
0. 05
0.05
0.05
0.05
6.90
9. 00
7.50
0.08
0.05
o.01
0.05
0. 01
0.05
0.05
0.05
0. 05
0.05
0. 05
0. 05

0.10
21.0:

2.80
2.70
1.00
0. 18

L79
n:

28
23

300
200



TABLE 2 continued

CHEMICAL DATA FOR EASTERN SHORE RESEARCH STATIONS

Cl HrdnsTDSpH
Well
Ng. ElSv.

107A -L25
107A -L25
1078 *191
1078 -i-9I
107C -295
107C -295
108A + 2
108A + 2

108A + 2
1Q8B -L2e
1088 *128
108C -232
108C . -232
t09A -113
109A -113
109A -113
1098 -2IL
1098 -211
109C -273
109C -273
1095 - 13
I09S - 13
11oA -115
110A -I15
1108 -163
1108 -163
1l0c -225
110C -225
110S - 2L
110S - 2L
111A -130
1114 -130
1118 -264
1118 -260
111C -310
111C -310
1115 - 50
1115 - 50
l12A -100
1124 -r00
1128 -175
1128 -L75
112C -278
112C -278
1125 - L2
112S - L2
113A - 93
113A - 93

4qqrfer

U MIO
U MIO
M MIO
M MIO
L MIO
L MIO
PLEIS
PI,EIS
PLEIS
U MIO
U MIO
L MIO
L MIO
U MIO
U MIO
U MIO
L MIO
L MIO
L MIO
L MIO
PI,EfS
PLEIS
U MIO
U MIO
M MIO
M MIO
L MIO
L MIO
PI.EIS
PLEIS
U MIO
U MIO
L MIO
L MlO
L MIO
L MIO
PI,EIS
PI,EIS
U MIO
U MIO
M MIO
M MIO
L MIO
L MIO
PLEIS
PLEIS
U MIO
U MIO

Date

9-77 7 .2
10-79 7.O
9-77 8.0

10-79 7.9
9-77 8.7

LO-79 7.7
9-78 7.6
9-79 6.5
8-80 5.7
9-74 8.0
8-80 7.6
9-78 8.3
8-80 7.8
6-78 8.0

LO-79 8.r
8-80 7 .7
6-7e A.2
8-80 8.0
6-78 8.9
8-80 8.2
6-78 7.7
8-80 7.O
L-79 8.0
8-80 7.8
L-79 8.2
8-80 8.1
l-79 8.O
8-80 7.9
L-79 6.4
8-80 5,8
6-79 8.1
8-80 7 .7
6-79 8.1
8-80 7 .7
6-79 8.2
8-80 7.8
6-79 7.9
8-80 8.0
7-79 8.0
8-80 7.7
7-79 8.1
8-80 7.9
7-79 8.3
8-80 7.8
7-79 6.5
8-80 5.8
2-80 7.9
8-80 7.5

100

150
209
209
153
r08
103

180

3;
L49
200
390
199
433
269

32130
683
tn:
262
249
551
559

2803
L740

117
79

143
L79
137
183
700

I350
L42
L40
274
23L
280
25L

3076
3102
I68
L2L
187
186

7

9
9

L7
16
10
L7
L6

6
t0
10
39
L2

10
7

9

515
I3
19
tt
13
62
66

L26
790

13
15
I
tJ

28
9

383
64A
13
15
11
L2
35
35

1503
1510

23
18
26
27

62
72

116
rl4
L32

90
47

4
54

110
96
40

LL2
L25
130
L25

39
42
58
70
58
96
7A
68
34
30

368
158

16
20

109
104
118

94
199
258

89
88

L46
L52
118
110
305
324

54
52
88
86

N02

0.05
0 .05
0.05
0.05
a.25
0.05
0.05
0.05
0 .05
I .03
0.05
o.44
0. 05

0. 05

0.05

o. 05

o. o;
0.05
0. 05
0.05
0.05
0.05
0.05
0.05
1.75
0. 05
0. 0s
0. 05
0. 05
0. 05
0.05
0.05
0.05
0.08
0. 05
0.05
0. 05
0.0s
0.05
1. 90
0.80
0.05
0. 05

Fe

5.80
1.50
o.20
0.07

0.18
I .10

0.86
0.10
0.14
o.l0
1. 31

4.42
1.03
1.10
0.09
o.20
0-16

10.10
o.42
0.88
0.38
0. 33
0.03
2.43
o.32
2.4L
2.L7
2.LA
0.60
0.10
o.24
0. 30
5.30
0.50
o.22
1 .00
0.17
o.37
o.20
0.70
3.90
0.80
0.80
L.'.20
o.66

Na

9
11

9
L2

2L
8

7

9
l0

r07
L4

10
10

L57
79

580
555

L4
13
62
64

2L2
199
89r
500

11
I

26
110

28
('

210
350
24
11
24
11
50
40

440
105

30
L2
2L
2L

t9



TABLE 2 continued

CHEMICAL DATA FOR EASTERN SHORE RESEARCH STATIONS

Well-
No. Elev.

1138 -r98
1138 -198
113C -263
i-13C -263
114A -110
1148 -180
114C -265
114C -265
Il-4S + l0
1145 + 10
115A - 24
ti_sA - 24
1154 - 24
1158 -114
t15B -114
t15C -L99
115C -199
115D -223
115D -244
115E -254

Aquifer

L MIO
L MIO
L MIO
L MIO
U MIO
M MIO
L MIO
L MIO
PI.EIS
PLEIS
PI.EIS
PLEIS
PLEIS
U MIO
U MIO
M MIO
M MIO
M MIO
L MIO
L MIO

Date

2-80 8.4
8-80 7.8
2-80 8.5
B-80 7 .7
2-80 6.3
2-80 7.9
2-80 7.9
8-80 7 .7
2-80 6.4
8-80 6.4
3-81 6.9
5-81 6.2
8-81 6.1
3-81 7.5
5-81 7.9
3-81 7.8
5-81 7 .7
3-81 7.8
5-81 7.9

11.81 8.1

Fe Na

18.00 900
5,30 86

10.30 1956
0.40 L970
0.06 4
0.05 l0
0.05 B

0.16 5
0.04 I
0.01 6
0.50 20
3.50 13

42.OO L4
0.40 35
0.05 27
0.'60 44
0.50 44
1.20 L20
3.50 L2

pH TDS

2000
2936
6030
6494

z6
180
L32
130
180
20L
169

2752
L2

239
208
348
327
476
448
444

rrl

2000
1480
620A
7400

A

l4
L2
l0
L4
2L
35
20
14
28
23
79
77

135
19

L34

Hrdns

287
290
706
780
18

118
88
90
98
98
66

180
62
98
86

186
L73
128

58
2I7

g
0. r0
0.05
0. 17
o.18
0.05
0.05
0. 06
0.75

10. 00
0.23
r.50
1.00
2.40
0. 05
0.05
0.05
0.05
0. 10
0. 05

20



GROUNDWATER STANDARDS BY PHYSIOGRAPHIC PROVINCE

CONSTITUENT

Coartal
Plain

Piedmont &
Blue Ridge

Vrlley &
Ridge

Cumberland
Plateau

pH
Ammonia Nitrogen
Nitrite Nitrogen
Natrate Nitrogen

6.5-9
0.025 mg/l
0.025 mg/l
5 mg/l

5.5-8.5
0.025 mg/l
0.025 mg/l
5 mg/l

6-9
0.025 ms/l
0.025 ms/l
t tnr,

5-8.5
0.025 mg/l
0.025 mg/l
0.5 mgll

GROUN DWATE R STANDARDS-STATEWI DE

270

0.05
1

0.05
1.0
0.0004
0.0s
1.0
0.005
0.0s
0.00005
0.001
0.01

None
0.05

mg/l

mg/l
ms/l
mg/l
msn
mg/l
mg/l
mg/l
ms/l
m9/l
mg/l
mg/l
mg/l

m9/l

ug/l
us/l
ugn
ug/l
ug/l
us/l

mg/l
msll

pc/l
wll
pc/l

Sidium
Foaming AgEn$ as MethYlene blue

Active Substances
Petroleum hydrocarbonr
Arsenic
Barium
Cadmium
Chromium
Copper
Cyanide
Lead
Mercury
Phenols
Selenium
Silver
Zinc

Chlorinated Hydrocarbon I nrecticides

Aldrin/Dieldrin
Chlordane
DDT
Endrin
Heptachlor
Heptachlor EPoxide
Kepone
Lindane
Methoxychlor
Mirex
Toxaphene

Chlorophenoxy Herbicider

2,4-O
2,4,5-fP

Radioactivity

Gross Beta
Radium 226
Strontium 90



The grognd water on the Eastern Shore generally has a pH ranging
from 7 to 8.5 except near the surface in ttre water table aquifer
where it tends to be acidic. The higher pH val-ues are caused by
the waterrs reaction with the shell fragments in the soil which
also contributes to the high alkaLinLby/acidity values and the
hardness of the water which are measured as values of CaCO3.

Paraneters which cause the water to be unsuitable are chloride,
n5-trogen, sulphate and iron. Chloride is the parameter which is
the determination of the salt/fresh water interface. A value of
25O mg/L is used as a drinking water standard and is regarded as
defining the interface; above 25O ng/L the salt content becomes
noticeable to taste. The interface is shown in Figure 9.

Nitrate was fowrd in several of ttre shallow supply wells which
are screened in the upper portion of ttre water table aquifer. this
parameter is generally associated with pollution and on the Eastern
Shore these values are possibly caused by fertitizer from farming
practices or by septic waste leaching to the ground water. Ttre
highest value found in an observation well was 17.5 mg/I (Well A,
Station 77-103). Ttris value isabove drinking water standards.
Proper management practices for the disposal of organic waste and
in the application of fertilizer would reduce the potential for
contamination.

Sulphates present an odor problem in some areas. The values
found in the observation wells are within ground water quality
standards. It is primarily an aesthetic problem caused by bacterial
reduction of organic matter in ttre formation. fron values are high
in the upper aquifers but generally drop to acceptable linits in
the middle and lorlrer units of the Miocene. Ttrey can be very higth
locally; for example at station 77-LO6 a value of 2L mg/l was found
in the water from Well A.

SPECIFIC AREA INFORMATION - KIPTOPEKE TO CHERITON

Hydrologic data for the Kiptopeke,/Cheriton area were obtained from
the research stations and existing wells. Cross-sections for ttris region
are presented in Figures 11 and 12. For locations of these and subsequent
cross-sections see Figure 10. Additional cross-sections were made by con-
sultants preparing the environmental impact statement for the proposed
Brown and Root facility which was to be located south of Cape Charles.

An evah:ation of the area can be described from south to north
as follows. Data are sparce south of well number L65-4 (USGS #1
test well) and are limited to driller information from existing wel1s.
The first control. data are derived from three wells, each 60r deep,
belonging to the Air Force Base at Cape Charles. Itre eastern-most
well on occasion shows an increase in chloride during the summer
months. Ttris increase can be interpreted as movement of the saLt/
fresh water interface. Potabte water can be obtained on a continual
basis from the other two wells. Withdrawal is generally less than
50,000 gpd.
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The elevation of availability of pota.ble \^/ater increases toward
the centrar portion of the area, north of Kiptopeke. Here potable
\,tater is available to elevations of -200 feet MSL, but the principal
source of water is obtained. at elevations ranging frorn -80 to -150 ItlSL.
water quarity is good but is moderatery hard and high in iron Iocalry.

North of Capeville, data are available from several wells and
the aquifers have been delineated in the cross-sections. The area
has been subdivided int<, four major units; one is of pleistocene
age and the remaining three are of Miocene age. The pleistocene
(P) is usually under unconfined conditions, but when silt and clay
are present the aqui-fer may behave as a semi-confined unit. The
Miocene units underlie the pleistocene and behave under confined
to senui-confined conditions. The three uni-ts are ar1 members of
the Yorktown Formation of Miocene age and have been called, upper
(Mu), Middle (l4m), and Lorder (M1), Miocene in this report,

llhe upper unit (Mu) underLies an aqrritard of considerable thick-
ness (up to 100 feet) in the northern and central portion of the
region. There are several water bearing zones wittrin this aquitard
but these are probably loca1 and discontinuous. The Mu unit is very
productive in the region and it is the most widely used unit for
domestic welLs. A pump test performed on a 15" diameter irrigation
well near cape center yielded 750 gpm, the highest single yield
obtained on the shore. Ttris zone consists of coarse sand, fine
graveJ- and shell fragrnents; northward it grades into fine sand and
shell but remains a productive unit. rtre middLe unit(l.trn) is sepa-
rated from ttre upper unit (Mu) by a thin aquitard which is generally
15 feet thick. Ttre water qual-ity is good, with soft t,o rnoderately
hard water and 1ow chlorides. This unit consistsmostly of shell
fragrments and fine to medium sand. rt is separated from the lower
unit (Ml) by an aquitard which is clayey and therefore fairly im-
pervious. Ttre three units of the Miocene are used extensively by
the industrial and municipal users. welrs are generally multi-
screened in the three aquifers and are capable of producing at
least 250 gpm. Because of these production wells, several cones
of depression have developed, especiarly in the northern portion
of the region. on the bay side two cones are associated with wells
from the town of cape ctrarles and Bayshore concrete. rn the central
portion, a cone is found under the well field of tt. A1len Smith and
c & D seafood. Problems concerning salt water intrusion or lack of
available quantity have not been found with.any of these cones
and with current pumping d.emand, none i-s suspected. The principal
linitations for additional development of these aquifers are due
to the rack of knowledge concerning the extent of the fresh water
under the bay and the ocean and the amount of recharge which takes
place. Discharge of freshwater to the ocean is probalrry taking
place from most of the units, especially during the winter months,
and therefore it is suspected that the rsalt,/fresh water interface
extends a sufficient distance off shore to sustain current pumpage.
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withdrawals from the northern portion, cape d:arles-ctreriton-
Oyster, average 55O,0OO gpd with a substantial increase occurring
during parts of the summer caused by an increase in withdrawals by
KI4C Foods. In the central and southern portion withdrawal is for
public, domestic and some commercial purposes. TLre largest user
is ttre Cape Charles Air Force Base which pumps an average of 23'000
Spd. Other establishments use less than half this amowlt.

Aquifer data in this area are derived from the punp tests done
for the then proposed Brown and Root facility in cape charles, for
C & D Seafood and H. A1len Smith in Qrster and at the KMC plant in
Cheriton. Transmissivity value for the water table aguifer was

calculated to be approximately 30 ,OOO gpd,/ft using specific capacity
data obtained from a large irrigation well located near Cape Center.
Tkris value corresponds to those found in the western pOrtion of the
Brown and Root site. Ttre Miocene aquifers are under artesian con-
ditions and are less productive.

Transmissivity values for the Miocene were calculated to be
17OO gpd/ft at Brown and Root. 2ooo gpd/ft at oyster and 10,000 gpdl
ft at KMC. The unit tested in the first two cases corresponds to
the Middle Miocene unit (Mm). A multi-screened wells was used at
the KMC plant with screens open in the Mu, Mm and M1- The upper
unit was found to be slightly more productive at the Bror^'n and Root
site with the transrn-issivity value averaqinq 3650 gpd,zft.

Although the Miocene aquifers have lower transmissivity values'
a yield of 25o gpm per well can be reallzed in most areas of this
region provided. the weltrs are properly constructed. Higher quantities
of water can be obtained from ttre water table aquifer, but the water
quality may not be desirable. Appendix A contains the data from the
KMC pump test. A transmissivity value of 10,000 gtpd/ft and a stora-
tivity value of .0002 l/fere used to con$truct a distance drawdo\dn
graph (Figure 13) . Different purnping values were used to construct.
a family of curves. llhese curves can be used to estimate drawdowns
as follows: For a withdrawal of 1,180,800 gpd a drawdown of 50 feet
is expected 5OO feet away from the well. These values can be.extended
to well fields if only large distances are used. Fer instance' if
a well fieLd punps 1,440.,000 gpd a drawdown of 17 feet is expected
at a distance of 4,OOO feet. Although these curves were developed
for the KMC well field, they can be used for planning purposes in
the region if similar well systems are planned. Figure 14 shows
water 1eve1s using 1,18O,BOO gpd (800 gpm) in the Cheriton area.
pump test data and analyses of the KI,IC punp test are presented in
Appendix A.

Ttre peninsula narro\^ts south of Capeville and ttre salt,/fresh
water interface is located closer to the central ridge. Because
of these constraints a diminishing volume of potable water is
available.
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SPECIFIC AREA INFORMATION - CHERIION TO MACHTPONGO

A cross-section of this region is shown in Figure l_5. Ttre four
units identified in the Kiptopeke-Cheriton region continue northward.
Although no deep hydrogeological information is available near Machi-
pongo, the units can be correlated using existing well depth and
driller's log information. Ttre pleistocene aquifer increases in
total ttricl<ness north of ctreriton and reaches an el-evation of -70
ft (MSL) at well 165-19. Two ind.ustrial supply welts at this location
yield 180 and 300 gprn; the more productive well of the two (lG5-19)
is nulti-screened to an elevation of -266 feet (MsL) with a totai
of 25 feet of screen. This well prod.uces from the l4m and the Ml
which are the rore productive aqulfers. rnd.ications are that the
Pleistocene is also productive. The supply wells for the Tor,vn of
Eastville draw from the lower part of the pleistocene and the upper
unit of the Miocene and can produce approxirnately 100 gpm. Domestic
and pubric use are the primary withd.rawals in this region and total
about 477'000 gpd. Ttris yierd is well rmder the avairable yietd.
The Town of Eastville withdraws an average of 36,000 gpd and is
the largest user. A certificate of Groundwater Right for 44r,000
gpd was issued in 1977 for withdrawals by Virginia Agricultural
Products (165-19 and 155-18) but the plant is no longer in operation.

A supply of good quality water is available from the water table
aqutfer. The aquifers here and south of ctreriton are hydrologically
similar; yields of 250 gpm can be expected in multi-screened wells
along the central ridge and a withdrawal of 5oo,ooo gallons per day
should not cause excessive drawdor,vns to be detrimental to the aquifer.
Effects on the water ]ever shourd be similar as those qiven for the
Cheriton area.

SPECIFIC AREA INFORMATION - I\,IACHIPONGO TO EXMORE

several cross-sections are available for this area. Figure 16
covers the area from Machipongo to Exmore Foods along the central
ridge. Figure lTwas drawn in an east-west direction through Exmore
and extends from the bay to the ocean. The same four hydrologic
changes take place. These changes take place primarily in an east-
west direction and were caused by the lateral shoreline changes which
occured during the depositional sequence of Miocene time. Logs from
research station 77-Lo2 show that the l4m unit has been replaced by a
thick aquitard and the saltr/fresh water interface falls in the Ml
urrit at this station. Quality samples taken in 1977 and 197g,
respectively, had Cl- values of 297 and, 244 mg,/1 respectively.
These data show that on church Neck, west of research station
77-LO3, fresh water is not available below an elevation of -140
feet. North along the bayside to concord lttrarf the Mm unit appears
again as an aquifer and is available for use on occohannock Neck.
The salt/fresh interface, however, is present in the bottom of
the unit. fherefore, the depth of wells shourd be lirnited to an
elevation of -2OO feet.
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The major aquifer units along the central ridge are identified on
the cross-section shown in Figure 15. The transmissivity of these
Miocene aquifers is less than those j-n the Cheriton area and large
yields will generally not be available. Ttre N.A.M. Hospital well
in Nassawadox is multi-screened from an elevation of -L25 to -266
feet (MSL) and has a total of 50 feet of screen. Ttre yield from
this well is 175 gpm wittr 1]8 feeL of drawdown which in comparison
is not as efficient as t-he wells south of this region. In addition
to low yields the Ml unit has the saLt,/fresh interface located near
its upper boundary. Brackish water has been detected at an elevation
of -260 feet (MSL). Ttre hydrologic units at the northern boundary
of the Eastville/E:cnore area are presented in the west-east cross-
section shown in Figure 17. In the Exncre area several changes take
place over short distances, but in general the hydrologic units can
be correlated. to the units described earlier. Transmissivity values
irnprove in the north-east portion of the region" Ttre llm unit is
productive and contributes most of the water in the rnulti-screened
wells of Exmore Foods and ttre Town of Exmore, and the American Original
Corporation in Willis Wharf. Total pumpage by these users has averaged
approximately 950,000 gpd but is seasonally variable. A pump test
was conducted at the Exnore Foods plant. Figure 18 shows a distance
drawdown graph developed from the information obtained through the
pump test. These values can be used for planning purposes in this
region. Pump test data for this pump test are presented in Appendix B.

the salt,/fresh
this cross-section.
where it. was found
E:<rnore Foods and in
in Research station

water interface has been very well defined along
Ttre interface slopes down towards the east,

in the Ml unit at an elevation of -200 feet below
the aquitard between the Mm and Ml contact seen
79-Lr2.

Fa.rther east, at research station 77-LO2, the interface occurs
at an elevation of -200 feet. Ttre M} unit in this northern portion
of the region, therefore, does not contain potable water and the
effective use of the aquifers is restricted to the bottom of the t4m

unit. The depth to the interface along the central ridge is at
elevation -200 feet MSL and gradually rises in an east-west
direction. At Concord Wharf the bottom of the Mu unit (-110 feet
MSL) is the effective depth above which potable water can be obtained.
lhe impact on this aguifer has been sulcstantially reduced since the
cessation of purnpage from Exnore Foods. A1so, records from obser-
vation well 79-1128 show that although a fluxuation of approximately
two feet has been recorded, recovery to normal levels occurs d.urinq
periods of slack pumpage.

lhe transmissivi-ty in the area is about 20,OO0 gpd/ft and the
storativity is about 0.0007. These values were obtained from the
E)<nore pump test. None of the research stations have shown evidence
of excessive pumpage or a migration of ttre salt/fresh water interface.
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SPECTFIC AREA INFORMATION _ BXMORE TO MEI,FA

Tkre geology (hydroqeology) of this area is shown in two cross-
sections, a north-south secti-on along the central ridge (Figure 19)
and an east-west section perpendicular to the central ridge (Figure
20). {tre main aquifer systems, previously described, are present
in this area. llowever, lenses of silt and clay near the Town of
Keller divide the upper aquifer into several distinct units at the
expense of the water bearing capabili_ty of the upper aquifer. The
addition of the clay and silt lenses as well as the increased thic.k-
ness of ttre upper aquitard to the upper aquifer both contribute to
the fact fJ:at there is less of the aquifer available for water pro-
duction. Several distirrct changes take place in a east-west direction,
but the main aquifer units can be correlated across this section.
At Hack's Neck there exists more sand and shell fragments in ttre
upper units but the lower portion of the system is principally silt,
as reflected by the E-J-og of research station 77-106. Towards the
central ridge and farther east, the lower and niddle units of the
Mioeene are productive. No major pumpage occurs in this region.
T\oo of the largest wells are located at the Melfa industrial park;
they were pump tested at 200 gprn and transmissivity values were found
to be betvreen 3000 and 4OOA Wd/ft; no observation well was used and
therefore storativity could not be calculated. Both of these wells
have 5O feet of screen in the M1 unit. Domestic, commercial- and
agriculture wells account for the major pumpage in this region.
No major pumpage is taking place, and no major cones of depression
have developed.

SPECIFIC INTORMATION - MELFA TO ACCOMAC

The hydrologic profile of this area is shown in two cross-sections,
a north-south section from Melfa to research station 78-109 (Figure
2L) and an east-west section from station 78-109 to station 77-L01
(Figure 22). The four different aquifers, P, Mu, IvIm and Ml can be
correlated using the geophysical logs. $re Pleistocene unit is
relatively ttrin, less than 60 feet thick and is underlain by a
confining bed which ranges i-n ttrickness from 60 to l-00 feet. This
stratum contains lenses of permeable material, which at research
station 77-lOI and well IOO-27 are sufficiently sandy to be used
as aquifers. The Mu and t{m unit are separated by a thin aquitard
(less than 30 feet thick) over most of the area. Several small,
local aquitards are present, but these units are not continuous
and generally a good hydraulic connection is maintained between the
upper and lower units- ltre lower unit of the Miocene has some silt
lenses but these are also discontinuous. Groundwater withdrawal
in this area is primarily by d.omestic, public and industrial prunp-
age. The largest industrial withdrawal takes place in this area
and.arnounts to an average of I.58 MGD. This pumpage by perdue,
a.poultry processor, has caused the largest cone of depression on
the Eastern Shore, but no evidence has been found that the salt water
is moving laterally or vertically towards this cone. Research station
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80-114 was drilled early in 198O so that long term water level and
quality data within the cone of influence could be obtained. Water
level data indicate that most of the influence caused by the pumpage
is in the Ml unit, water levels average -48 feet MSL, rrhile water
levels in the Mn and Mu unit are -28 and -5 feet MSL respectively.
Because of the water level in the Ml unit, the threat of salt water
upconing exists in this unit. No change in salinity has been noticed
and it is probable that the interface is at a depth sufficient to
sustain the current drawd.own. Lateral intrusion of salt $tater would
be expected to occur through the Ml or S4m unit but detrimental effects
caused by Perdue's purnpage have not been noticed in the research
stations east and west of the plant. The cone in this area, based
on the long term water levels from an observation well within 50
feet of Perdue's production well No. 2, is stable near the center.
If a long term declining trend of water levels is occurinE in this
area, it will be noticed by ronitoring the water levels in research
station 80-114 over a period of years, however, it is likely that a
balance of withdrawal versus recharqe has been reached.

In addition to the pumpage by Perdue, there is municipal pumpage
by the Town of Onancock, averaging 192,000 gpd. Doinestic and com-
mercial pumpage is estimated to be less than 20O,000 gpd. Tttis latter
pumpage is mostly scattered over a wide area and will only have a
slight effect ort the water levels. In the Town of Accomac, pumpage
from the lovrer unit of the Miocene is influenced by the withdrawals
at Perdue and lower water levels occur in wells already placed in
this unit.

Although very large withdrawals are made from the aquifers in
this region, the replenishment rate due to precipitation, seems to
be adequate. A primary unknown is the recharge rate to the Miocene
r:nits, and only a long term monitoring record will establish the
impact to the units. Due to the variation in water levels in the
different aquifers it can be expected that the lateral extent of
the cone at Perdue varies depending on which aquifer is measured.
Most of the effect of the pr-mping is expected to be within a nuile
radius from the well field and no effects have been noticed at
research station 77-LOL which is 1.8 miles east of the plant.

outside of this limit, water leve1s are normal and domestic
uses have not been affected. the high transmissivities found at
the Perdue Plant are due to high permeabilities of the nuiddle and
Iorer unit of the Miocene. These transmissivity values are expected
to continue south and nortlnrard. Outside Perdue's @ne of influence
south of Accomac, adeguate quantities of ground water are available.

SPECIFIC AREA INFORMATION - ACCOMAC TO HALL!{OOD

Proper evaluation of the geohydrology in this area is difficult
because geophysical data are available from only a few wells in the
area which are too widely spaced to allow for accurate interpretation
of the cross-section. The maior units can be correlated across this
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area and only minor changes in geology were noted to occur. Major
pumpage in this area is by the Town of Parksley (92,500 qpd) and
Byrd Foods at 68,500 gpd. Byrd Foods is a seasonal operation but
can pump over 200,000 grpd during its peak production period. ltre
cones of influence from these two users are not large. Records
show that the water levels at Byrd Foods will return to static conditions
during the off-season. This area is capable of sustaining additional
withdrawals if proper engineering practices are used in the location
of well fields.

SPECIFIC AREA INFORMATION - HALLVOOOD TO THE MARYLAND BORDER

Tfie geohydrologry of this area is represented by two cross-sections;
a northwest-south.east section (Figure 23) through research stations
78-110 and 77-107 and a north-south section (Figure 24) from 77-LO7
to Captainrs Cove in the northeast portion of the county. The same
Pleistocene unit and the three Miocene units can be identified in
this area, although several sr:b-units occur. Thre Pleistocene is
separated from the upper Miocene unit by an aquitard,20 feet thick
which extends over most of the region. However, at station 78-11O,
there are several distinct alternating layers of silt arrd sand with-
in the Pleistocene. Tkre upper and rniddle units of the Miocene are
separated by a layer of silt but in memy areas this silt layer is
not distinctly one unit, but consists of alternating layers of silt
and sand. The transition to the lower Miocene can be easily corre-
lated across.the area, and is also the unit in which the salt,/fresh
wat€r interface occurs.

Water withd.rawals in this area are in excess of 1.5 MGD, the
major portion of which are industrial and public supply withdrawals.
Arnong the larger withdrawals Holly Farms Incorporated pumps an average
of 745,000 gpd, the Town of Ctrincoteague averages 419,000 gpd and
the NASA wells pump an average of 166,000 gpd. Small public supply,
domestic, and commercial wells are spread out and pumpage from these
have an insign.i-ficant effect on ttre aquifer. The pumpage from Holly
Farms creates a cone of depression witlrin the Hallwood-Temperanceville
area. Observation well data are not available within this cone and
therefore the water level drop in each of the aquifers is not known.
Research station 77-IO7 was drilled 1.5 miles southeast from the
center of punpage and no effect from Holly Farms pumpage is detected.
It is suspected that the cone of influence is within a one mile
radius of the plant, and water levels near the plant probably do
not exceed -20 feet MSL. Transmissivity values calculated from
a pump test with an observation well are about 2O,O0O Wd/ft, indi-
cating that a good aquifer exists in this area. Supply wells for
the Town of O:incoteague have created a cone of depression. Ttris
pumpage takes place on or near the NASA base on the mainland and
is piped to the island. The last production well drilled is multi-
screened in the upper and niddle rmit of the Miocene. Additional
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pumpage is from the lower unit, where most of the effect from the
withdrawals takes place. A prrnp test was conducted using the most
productive well and using a recently drilled research station and
other wells as observation wells. A transmissivity and storativity
of 8400 gpd/ft and .0002, respectively were used to construct a
distance-drawdown graph (Figure 25). Ttris qraph can be used for
planning purposes in the northern area of Accomack County. Additional
information on the punp test is presented in Appendix C.

Outside the two cones of depression adequate quantities of water
are available. It is estimated that withdrawals up to 500,000 gr"pd,

using proper well design, can be made along and east of the central-
ridge, providing a sufficient distance from the salt,/fresh water
interface is maintained. West of the central ridge tJre salt/fresh
water interface is found at a higher elevation and much of the lower
unit of ttre Miocene is not usable. Ttris conclusion is indicated by
the d.eepest observation well at research station 78-110, where the
chloride content at -230 feet MSL was found to be L26 mg/I, indicating
that this well is close to the interface.

RNSEARC}I STATION INFORMATION

The following pages contain brief descriptions of each research
station and present the ctremical and physical data which are accumu-
lated at each station. Stations are identified by a research station
number and a name. Wells are identified by a SWCB nurnlcer and the
research station number witJ: S, A, B or C added. Well S is the
driller supply well and the shallor^rest (generally located in ttre
Pleistocene) wells, this well was dritled only at ttre stations where
no immediate water supply was available, A, B, and C follow in des-
cending order of depth. The well depth was located using the geo-
logical and geophysical logs, available area information and the
probable location of the salt/fresh interface. Water levels are
measured by tape unless a continuous hrater level recorder is used,
daily readings are obtained from these units. During the pumping
of the wells, water lerrel measurenents were taken, these prmp tests
were very linited in time and rate and ttre data can be viewed only
as an indication of the relative performance from each aguifer at
tJ:e particular station. Figure 26 shows the locations of the research
stations.

RESEARCH STATION 77-LO7

Baylys Neck

Itris station is located approximately 1.8 miles east of Perdue
Foods in Accomack County. Three wells were installed at ttris location
and have the following screen depttrs:
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9Ie11 SWCB No.

100-396
100- 397
100-398

Screen Elevation MSL (F.t)

-L34 to -L44
-2O2 to -2L2
-274 to -284

-L37.5 to -147.5
-203.5 to -213.5
-289.5 to -299.5

A
B
c

Water levels for all three wells have been recorded since June,
L977. At the end of L979, the d.ata showed that the l-evels in a1l
three wells has risen an average of 1.5 feet. Wells A and B have
similar water levels, and showed seasonal fluctuations ranging from
+4.2 and +5.5 feet MSL i-n L979- The highest level occurs during
May and the lowest in October. Because the data show much similarity
between we1ls A and B it is interpreted that there is much leakage
between the two units. Viell C on the other hand is separated from
V,fell B by a more impervious aquitard than the layer between Well A
and'8. The water level in Well C is five feet lower than in the
other two wells. A water level recorder was placed on Well C in 1978.
Tkre data from the record.er show small daily fluctuations which are
attributable to the tidal cycles. Tkre fluxuation in levels range
from .1 to -4 feet.

The three wells were pumped in 1977 and again in 1979. Quality
samples were taken and analyzed by Consolidated Laboratory in Ffich-
mond. Well C contained chloride levels of L29 mg/L in 1977 and only
8 mg/L in 1979. Ttre decrease in these chloride lev,els ielates to
the increase of the water levels between the same period and thus
indicates an outward movement of the salt/fresh interface. Table

strows chemical data from all three welLs.

During pumping Ln L979 drawdown measurements were taken wittr a
constant discharge of 8 gpm. Wells B and C had drawdowns of 16.1
and 14.7 feet respectively, while Well A measurea 32.1 feet. A1-
though the yield is too low to make :neaninEful estimates of the
transmissivity of the aquifer units, these values do provide a
relative indication of the productivity of the units since the
research station wells are constructed equivalent.

RESEARCH STATION 77-1O2

Oceanside

Tkris station is located in southeast Accomack County, approxi-
mately three miles east.of the Tovn: of E)qnore. Ttrree wells were
installed at this location with the following screen depths:

We l1 SWCB No._

100-401
100-400
100-399

Elevation (MSL Ft. )

6

B

c
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The three wells have a full year of conti_nuous water level
record; WelI B is still being monitored with a recorder. Water
levels. recorded since June 1977, have shown no specific trend
except for seasonal fluctuations, which are 4.5 feet in both We1*
A and B and 3 feet in Well C. Levels range from +2.5 and -2.5
feet (MSL) in Wells A and B and +2.5 and -O.8 feet (MSL) in Well
C. Tidal fluctuations occur in all ttrree we1ls with some variation
seen in each well; WeIl A varies 1.9 to 2.4 teeL, WelI B .5 to
1.3 feet and well c .5 to .g feet

Quality samples were taken and analyzed in 1977 and in L979.
The water from well A is somewhat alkaline and moderately hard.
chemicar analyses from werls B and c are both high in chLoride
values. (See Table 5 for Ctremical data) .

Drawd.own measurements were obtained from the wells during ttre
quality testing in 1979. Wel1s A and C are similar with 13.5 and
15.5 feet of drawdown respectively. well B had a drawdown of only
2 feeL. Ttre we1ls were pumped at a rate of 11 gprn.

RESEARCH STATION 77-LO3

P. C. Kellam

Ttris station is located in central Northampton County, approxi-
matery three miles west of Birdnest. Three observation wells were
drilted at this location and they have the following screen depths.

Well SWCB No.

165-r44
165-145
165-L46

Elevation (MSL Ft)

A
B

-12 to -22
-107 to -117
-2LO to -22O

water levels have been recorded since october, L977. All three
welrs experienced a rise in level-s during the period. from L977 to
L979- well A rose Ern average of 6 feet, well B 3 feet and well c
an average of 1 foot. Ttre highest water revel is in werl A, during
1979 it had a seasonar range from 10 to 13 feet, well B ranged from
5.5 to 7.3 feet and WeIl C ranged from 3.77 to 4.8 feet (MSL). A
continuous reeorder placed on wel-l B had indicated that there is
no tidal effect.

These welrs were pumped in 1977 and in 1979. wefl A is a water
table well with high total- dissolved solids and wittr very hard water.
Both nitrate (17.8 mS/l) and sulphate (180 mgl]) were the highest
found of all the research stations. well c contains high chrorides;
Ln 1977 a value of 297 mg/l was found, in 1979 some reduction was
evident to 244 mg/L, possibly due to the rise in water levels.

Ttre welrs were measured for drawdown whire pumping at a constant
rate of lt gpn. The drawdown for Well A, B and C were I3.5, 43.5
and 16 feet respectively.
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RESEARCH STATION 77.TO4

Doughty's Grocery

Itris station was drilled one and a half miles east of the Town
of Ckreriton. Four wells were drilled at this location and they have
the follor,ring screen depths:

VfeLl SWCB No

165-156
L65-L47
165-148
r65-149

SWCB No.

165-r59
155-160
165-161

Elevation (MSL, Ft)

+2 ta -8
-LO2 tp -LL2
-2O2 to -2L2
-272 ta -282

Elevation (MSL, .Ft)

-90 to -100
-156. to -166
-245 to -255

s
IF

B
c

The water levels in these wells have been recorded since October,
1977 and range from a high of 15.4 feet in Well S to a low of 4.1
feet (MSL) in Well C. Variation of water levels in Well S is about
one foot, Well A ranges from 8.3 to 13.6 feet and Well B from 7.5
to 14 feet, (MSL). WeII C has a range from 4.1 to 10 feet (MSL).
Tidal effects are very small, a maximum of 0.2 feeE has been observed
in the data from the water level recorder on Well A.

Quality samples (Tbble 7) were obtained LnL977 and in L979, exceptin
WelI S, the capacity of the pump was too large and caused the well
to be pumped down to the screen. Alttrough a rising trend in the
water levels was not noticed in any of the wells, a drop in chloride
content was observed between L977 and 1979. Considering the anomaly
p:resent in Well A in the sample from 1977 and the drilling record,
it is probable that the formation was contaminated during drilling
of ttre pilot hole in L977 by the drilling water, whictr was brackish.

Drawd.orr.rn measurements were obtained during sampling. Well S

was pumped dry at 8 gpm. WeII A is very productive, a drawdown of
one foot was observecl, WelI B and Well C had drawdowns of 14 and
17 feet respectively. AII wells were pumped at a rate of B gprn.

RESEARCII STATION 77-LO5

Cape Center

Itris station is located 0.5 rniles northwest of Cape Center,
Northampton County. It consists of three wel-ls with the following
screen locations:

Well

A
B
c
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The water ]evel difference between Wells A and B is less than
0.5 feet with a normal seasonal range of 11.4 and L4.2 feet (MSL).
ltre level in Well C is several feet lower with a range from 5.0 to
6.1 feet. Water levels have been recorded by tape since June, 1978
and a short term record by a continuous recorder is avaiLable for
Well A. Only the longer seasonal changes in water levels were
noticed and no tidal effects were reeorded.

Water quality analysis was obtained in 1978 and again in 1980.
The hardness of the water in Well B was 34 mg/L which is a com-
paratively soft water value for tfiis aquifer. The actual 1978
chloride values for Well B and C (1 mg,/l) were probably higher
than the laboratory values indicate, and should be close to the
1980 val-ues. (See Table 8).

Drawdown measurements for
most productive with 13.8 feet
of 14.7 and 66.8 feet drawd.own
atasteadySgpm.

ttrese wells indicated Well C as the
of drawdown. Well A and B had values
respectively. Atl wells were pumped

RESEARCH STATION 77-LO6

Hack's Neck

Tkris station is located on the bayside, three miles west of
Pungoteague, Accomack County. Three wells were installed at this
location with the following screeR depths:

WeIl

B
n

SWCB No.

100-41_4
100-415
100-416

Elevation (MSL, {t)
-24 to -34
-82 Eo -92

-163 to -173

Water levels have been measured since October, L977. Strong
tidal influences are noted in al1 three we1ls, with water levels
generally el-ose to the surface. Fluctuations in the three wells
range from 1.3 to 3.5 feet.

Water quality samples were taken in 1977 and in 1980. Data from
1977 indicated high chloride values in Wells A and C. The high 1977
value in Well A (L78 ng/I) is attributable to the occasional tidal
flooding which occurs in the area and the insufficient flushing
subseqr:snqfy. WelI C iS slightly below the salt/fresh interface
with a 1977 value of 313 mg/L. (See Table 9).

Well A is the most productive well, drawdown was 3 feet. Well
B and C had drawdourns of 24.8 and 1I.3 feet respectively.
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RESEARCH STATTON 77-IO7

Chessir Bros.

ltris station is located three quarters of a mile southwest of
the Town of Assawoman in Accomack county. Three wells were drilled
at this location and have the following screen depths:

I,llell SWCB No.

A
B
c

LOO-4L7
100-419
100-4t9

Sw9B No.

LOO-427
LOO-428
LOO-429

Elevation (MSL, Ft)

-120 to -130
-186 to -196
-290 to -300

ElevationP (l4SL, Ft)

+7 to -3
-123 to -133
-227 to -237

water revels have been recorded since october 1977, well A and
B are similar with rittle difference between them, levels range from
5.5 to 8.9 feet (MSL). No tidal effect was observed in recorder data
'from welr B. wel-I c has water levels about 2 feet lower than wells
A and B with a seasonal range of 3.9 to 6.0 feet (MSL).

Quality sampres were obtained in 1977 and Lg7g. Moderatery hard
water was found in well B and c. values for werl A showed it to bein the normal range for the Eastern Shore. Ttre salt/fresh interface
was not encountered, and is estimated. to be an additional 20 feet
below Well C. (See Table l0).

Drawdown measurements were taken d.uring the l9z9 sampling.
Puq>ing was held constant at 8 gpm. well A had a drawdown of 22.5feet and well B was 9.5 feet. welr c had a continuous drawdown atthe 8 gpm ptrnping rate, the pump was shut off, when the water level
reached the sr:bmersible prrrnp.

RESEARCH STATION 78.108

Melfa

This research station is located one mile northwest of t].e Town
of Melfa, Accomack County. Three wells were drilled at this location
with the following screen depths:

Well

A
B

water levels have been measured since september, Lg7g. An
average rise of two feet was observed. between 1978 and 1979. SeasonaLfluctr:ations range from l to 2.1 feet. lttre water level in werl A
ranges from 39.5 to 42.8 feet (MSL) . WeIl B has water level_s which
range from 32.3 to 36.0 feet and well c fluctuates from 24.o to 29.4feet (MSL) .
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Quality samples were obtained in l97g and in 1980. welr A was
arso punped in L979. Ttre salt/fresh interface is deeper than l{el}
c, wtrich has a chloride value of 39 mgl1 (r97e). (see Table lr).

Drawd.own measurements in well A were only 2.g feet, well B had
14.3 feet of d.rawdown and well c 50.9 feet. pr.urping was at g gpn.
These levels woutd again indicate that WelL A is the rnore procluctive
well-.

RESSARCH STATION 78-109

Bayside

ltris station is located. three miles west of Accomac. Four wells
were drilled at this location and have the following screen locations:

Well SWCB Nq.

100-430
100-431
LOO-432
100-433

Water level data has been obtained since
Well S fluctuate seasonally from 5.4 to 10.5
4.5 to 7.5 feet, Well B from -1.0 to 1.6 feet
-4.2 Xo -2.1 feet (MSL). Tkre data indicates
increased slightly since 1978.

Eleyation. (ttlSl,, Ft)

-8 to -18
-108 to -I18
-2O5 to -2L6
-268 to -278

June, 1978. Levels in
feet (t'lsr,) , well A from
and Well- C varies from

that water levels have

s
A
B

Quarity sampres were taken in 1979 and in 1990. well A was also
punped in 1979. Ttre values for ttre chlorides for well A, B and c in
1978 are not correct, higher values shourd have been obtained. These
values are suspect because of the total solids, sodiur and conductivitvvalues. (See rable 12).

rn pumping these wells, both well A and c performed poorly, with
drawdowns in excess of 10o feet, well B had ll.5 feet and well s 3.6feet. Prmping was at a constant g gpm.

RESEARC*I STATION 78-110

Withams

Tn-is station is located 0.g miles north of withams in northern
Accomacl< county. Four wells were drilred at this location with the
following screen locations :

61



E(J
tno
E
!()to
E

+)

+)(,
='g
g
o(J

10g
.It

o.
+,e
(u
C)x
(U

g,
E
g

-.n
L
(u
+,
(u
E.d
L
(o
CL

o
@
co

Jco
GJ

I

@
t\
gr

I
r+lle(')

C, N cD N $'l \f 
- 

() 
- 

(O r $l ff) (O O <f p t:
.(Y)(Y)rr . a . '(v) .F .F .Ct

N-C\l FQOO O C> CO(n

I(\J Gl I F
cr) l\ h Or O st r cS N lQ (O r- sf O l: lr.p(\loO<f . F.F. .O
CC(\ICA (3Oc) A C) O-

O

co

or)
:o o')

I

co

ctr

Ir+trsf(o
tO5 O(OC\l- Op$)r rrC\!OO<f OO.C) FO) . . CD .F ;r{-
l\F OOO C> OCDO F(\I

r<r, 3 r G.r
Q@()QO-r fi) $rPtr F r.oOOr(f).O@ee . .C
9O-e FOOF OsfO O

co

dao
I

c9

9l

o
cc

tlr=f (o rJ)
N r (o <1. e F O SJsf O 6.tCC CO O t\F q1

.F lJ) . . .<f .F . t\lf) ooo c) o<f,c)

tl
- | r<r lc) ro

\O N O0 tcr l\ r F c) h - i (rJ e rft C) @ -.rOptf .(Y) .F
I'\ r C)AO O F O

+l
lJ-

J.t
t

Jt- o
J*P
ru trt .g

=QO

?o(J_au(\., L)
Oc) o._qctg(Jv.hO

:'3tt, <{a La L5, EE-8= 3 hTt UJF O.r,
r.F vla Gt . 'F!ry- . 6J g1 E:qJ F>.F O (u (, E-c g, a o, = 6 5'-€-E 3 g'"'.,Eto: 5'[ ge'fiE

\.F L C OF f(lJEr L.r (u (c'5 r.,|=
: !q 9p L to L q..g O (J C E Crtr or X-vPF L+r+r*Je{_t :'e O (') C.lf +)>eEPS#=€=3€c,S:E sgSE

O
O

I

'z
O
F
F.
a/,

(J
&
IlJ
at1
|.!Jx
tJ-
c>

F
J

g
&,lrlF

=oz
o&.(5

lrl
J
co

F



llc'j

iEEfrR::3*e ::;3H=H
c\'|

N\Osfoooc\torooe,)cS
F<\l .- .C\.' .q)CV)Ctl

r$e(\lCr Olrt 
K

orf\o(\tco.o1 0D ro
co(f)CO

eCO
sl

co
(J Sl

I

ro
Or$t

I

@
dr

I

(.,

tno
-sIo
!()
E

P

+)
C)
5'(tco()

g
(o

o
+J
o-
(u
(J
x
(u

o)

c
U;L
(lJ
4-,
(u

(El
L
aOo

gg 5's

gft$€
s€385

co(r1 e
I

OrO
I

l-
z,o
F.
F
v1

(.)
4,
l4Jv,
l*l
&.
l!
O

F
H
J

=c)
g,
Lrl
F

oz. :"
c)&
qD

^i
Lrl
J
co
F

c.)o
L)(t

Cf) L)o
CJ .halt .tt e(Jv.h6

-l€.t- <C^L^ a3." tsg€= 3-(J LUF 0-(,
_j.F v (t (€
eT _. v (I.- 9 o, (n c€ O L O9r/r.og!cro-o.Fo€=S 'f (ucl, €ro .-5\.- > E o - (d -c - L.e.:gopL(oLEooi_rc

_-:ZPe L*).l.lP-+t 
=; 

OE=F5f 
= 

P'Eaec,sIago

+J
L!

tr,

t--
o-
LrJa

J
J

lt

:RR-$::=-: -3:5*:g

I

c\.t lt-t q?- 6)r Lo OO RFsr !o5r,o -=r-]'Lf)ttr) (Y) . F .F . .r.g fr)@Nlsf o O' d; rc)

I
sl- | Cf) (f)r-!? ror- !er- (\JO e O _ ijcO d Oor.+_..<f - C\t _. -. . r* Cn -. --. -. J . +NFC\I e(f OO rOrO f-O4

leO=tpr$(Oe riFeC! O. sl. (\l c\lccie.l -dd r-d R

63



Well

\
nA

B
t-

Water levels
range from a high
(MsL) in Well C.

Elevations (MSL Fr)

-16 to -26
-lIO to -120
-158 to -168
-22O to -23Q

-45 to _55
*125 to -135
-255 to -265
-305 'to *3I5

and in 1980. Well C is
of 385 mgy'L (f979) and

Quality samples were obtained in 1979
in the salt/fresh interface with chlorides
54O ms/L (1980). (See Table 14).

Drawdown measurements during pumping
feet in Well B to 55 feet in WeLl C. Well
feet of drawdown. Punping was at I gpm.

b

A
B
c

SWCB Ng.

LOO-426
r00-423
l-00-424
LOO-425

165-191
165.188
t6s-r89
155-l_90

The water levels have been recorded since October, 1978 and the
data indicates an average increase of one foot in all the wells.
Levels are similar in all four wel1s and range from 0.25 to +2.1O
feet (MSL). Seasonal variations are minor and no tidal fluctuations
were indicated from the data accumulated on a continuous recorder
on Well B.

water quality samples were obtained in 1979 and in 1980- The
ctrloride value in Well C l-26 mg/L (1979) is not correct' this value
should be hiqher as is indicated by the total solids, sodium and
conductivity values. (See Table 13).

During the sampling, pumping was constant and drawdo-vrns were
measured in Well A at 2.6, Well B at 12.8 and WeLI C at 20.3 feet.

RESEARCTI STATION 79-111

Cheriton

T'his re.search station is located 0.5 rniles west of the Town of
Cheriton, \Iorthampton County. At this site four wells were drilled
with the followinq screen locations:

Well SWCB No, Elevation (l'{SL rr)

have been neasured since July, 1979. lttese level's
of +5.5 ft (MSL) in we1ls tn a low of -4.0 feet
Seasonal fluctuations range from 0 to 3 feet.

ranged from a
A had a good

value of .5
value of 5.5
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RESEARCH STATION 79-LL2

Willis Wharf

ftris station is located in Willis llharf and 1 mile southeast
of the Town of E)firore. Four wells were drilled at this site with
screens located at the fo11cr^ring screen depths:

Well S$ICB No. Elevation (MSL Fr)

A
B
c

Water levels in
level. Data has been

165-195
L65-192
165-193
165-194

Sw9B No.

165-197
165-198
165-199

these wells are
obtained since

-7 to -I7
-95 to -105

-I70 to -180
-273 xo -283

-88 to -98
-193 to -203
-258 to -268

near, or slightly above sea
I'ebruary, 1980.

S

A
B
c

Water levels have been obtained since July, 1979 and range from
a high of 2L.1 feet (MsL) in Well S to a low of -2.2 feet (MSL) in
Well B. the data collected on a continuous water level recorder on
WeLl B is influenced by the tide and by pumpage from American original.
Well C has water levels which are hiEher than Well B and range from -1.4
feet to 4.0 feet (MSL). Ttre levels in Well A fluctuate from sea level
and 2.2 feet (MSL).

water quality samples were taken in 1979 and in 1980. Well C

is below ttre salt,/fresh water interface as is indicated by ch'loride
values higher than 1500 mS/L. (See Table l-5).

Drawdown measurements in Well A was 28 feet and Well C 4L.2 feet.
PumpingwasaSgpn.

RESEARCH STATION 80.113

Concord Wharf

Ihis station was drilled 1.4 rniles west of V'lardtown, Northampton
Oounty. Three wells were drilled at this location with screens
located at the following depths:

Well Elevation (IvlSL, Ft)

Water quality sarq)les were obtained in February and November
1980. Both Well.s B and C are below the interface as indicated bv
the very high chloride values shown in Table 16.
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Drawdown values for Well B

180 feet), only Well A could be
that the lower aguifers would be
upper aquifer.

and C were very large (in excess of
measured and was 1.5 feet, indicating
poor producers as compared to the
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RESEARCTT STATION 80.114

perdue

Ttris station is located one and a half miles north of the Town of
Accomac" just west of Perduers well field. Four wells roere drilled at
this site with screens located at the following screen depths:

WeII SWCB No.

LOO-442
100-443
100-444
100-445

100-448
r00-449
100-450
100-451
100- 4s5

Elevation [MSL, Ft)

15to 5

-105 to -115
-175 to -185
-260 Lo -27O

Elevation (MSL, Ft)

-19 to -39
-IO4 to -L24
-189 to -209
-2L3 to -233
-234 to -254

S

A
B

Water levels have been obtained since March, 1980 and range from
41.3 feet (MSL) in WelI S to -41.75 feet (I\4sL) in wetl C. Ttre data
collected by the continuous water leve1 recorders on lrlells B and C

is influenced by prxtt1)age from Perdue. Tkre water level in WelI A
ranges from 3.14 to 10.1I feet (MSL). Well B has water leve1s which
rernge from -20.67 ts -6.4 feet (MSL).

Quality samples were obtained in February. 1980 and again in
Augtust, 1980. The salt/fresh water interface is deeper than Well C,
which has a chloride value of L2 mg/L. (See Table l7).

RESEARCH STATION 81-115

Chincoteague

lltris station is located at the Town of Chincoteague well field,
4.2 miles west of the town. Five wells were drilled at this site with
screens located at the following depths:

Well SWCB No.

A
B

D

E

Water levels have been obtained since March, 1981 and range from
3.88 feet (MSL) in l.Iell A to -20.07 feet (MSL) in Well D. Ttre data
collected on continuous water level fecorders on Wells Cr D, and E
reflect punpage from the Town of Chincoteaguers wells, Wells C and
D have water levels which fluctuate fron -8"30 to -21.5 feet (I4SL).
WelI B has higher water levels which range frorn 2.03 to:.71 feet
(MSL).

Water quality samples were taken in 1981. Ttre salt/fresh water
interface is close to the bottom of the screens of $Iel1s D and E.
(See Table 18) .
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Appendix A

Kane Miller Corporation (Kt'{C) Pump Test

A pump test was eonducted in March, 1981 using the newest
prodriction well (L65-I58) in the Kt{C well field. Access was
provided to four other wells, however, only the observation well
(165-157) provided useable data for analyses. The other wells
were affected hy punping prior to the pr.nnp test and were not fully
recovered. Figure A-1 shorts the location of the KMC wells and the
research stations and Figure A-2 shows the cross section, lithology
and screen locations of the KMC wells. A Theis plot was drawn for
the observation well for the pumping period (Figure A-3) and semi*
log plots were drawn on the recovery data for the production
(Figrure A-4) and observation well (Figure A-5). Values for
transrnissivity and the storage coefficient were as fsllows:

Transrnissivity

Production well (165-158)

Observation weII (165-157)

Punpingi
Period

8928

10150

Recovery Storage
Period Coefficient

r0675 .00026

The distance drawdown graph (Figure 13 in main text) was drawn
using a transrnissivity of r0,00o gpd/ft and a storage coefficient of
.0002. A continuous prmrping period of four days was used to calculate
the drawdown values. rt should be noted that even though values as
large as 1000 gtrxn are included in the graph these wl,thdrawars would
have t"o be sp:raad out ov€r a nurnber of widely spaced wells, thus
only the d.rawdowns for the larger distances will be representative.

The effects of the pr-unping disappear at 10,000 feet fron the
well for most pumping values. A research station (77-Lo4t 7000 feet
from the well field has been providing data for four years and
although it is not possible to distinguish the effects of the
pumping on the water levels at an individual year, a trend can
readily be seen (Figure A-5) especially in the deeper zones.
This decl.ining trend is due to both the ptunping at KMC and the
lack of adequate rainfall during the last two yealrs. Long term
monitoring of water levels at this research station and. the more
recent station f/9-111) west of cheriton will provide more reliabre
data to evaluate the long term effects of the punping stress in
the area.
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Appendix B

E:<rnore Foods pump Test

A punp test was conducted in August, 198I using the nulti-screened
production well L65-29 (plant well No. g) and 3 observation wells. Note
tllaf well No. 165-33 (plant well No. l) was in continuous use for
refrigeration and could not be shut down. Drawdown at this well was
stabre at a punping rate of 60 gpn. Fign:re B*1 shows the locations
of the wells and Figure B-2 shows the lithol-ogy and ssreen locations"
A Theis curve was drawn for the three observation we1ls (Figures B-3, B-4, andB-5) and Jacob plots were drawn using the recovery data of all four
wells (Figures 8-6-8-9). values for transnissivity and the storage
coefficient are tabulated below:

Transrnissivity

Production well (165-29)

Observation well (165-33)

Observation well (165-34)

Observation well (165*39)

Pumping
Period

19A64

11684

24830

Recovery Storage
Period Coefficient

20188

2L450

. o0085

. o0056

.00089

The distance drawdown graph (Figure 1g in main text) was drawn
using a transrnissivity of 2o0oo gpd,/ft and a storage coefficient of0'0007. A continuous pumping period of four days was used. to calculate
the water levels of this graph,

water revels were steady prior to the start of the pump test and
as near to static as practically possible. obstructions inside the
casing were nesponsible for the loss of readings of the production
well and an observation well (165-5), during the pumping period.
Recovery readings were taken on the production well. As mentioned abovewerr 155-33 was being pumped d.uring the test, static water level was
assumed to be the steady pumping level.

The calculated values for transrnissivity exhibit a wide range,
however it is felt that the high values obtained in obserwation well
165-39 are probably due to the tinie period of the pump test. Although
the test was run for a 48 hour period., the distance to this welr was
too great for the water levels to reach steady state. As a result
drawdov'rn levels were less than expected. and trangnissivity values are
artifically high. A shaltow well (165-35) within the wetl field was
monitored but no drop in water level, other than that due to the tidal
cycle, vras recorded. problems with getting the measuring wire down
the well were encountered in the production well (165-29) and no
accurate record was obLained during the pumping period. severaL
measurements to 120 feet were taken during the first 2o minutes of

B-t



the test, but nothing below this depth could be obtained. This well
ptimped at 260 gpn for the duration of the test. Recovery readings
were taken after shutdown.
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APPENDIX C

Town of Chincoteague pump Test

A pump test was conducted in April, l98l using the Town of
Chincoteague well field. Production well 100-28 (town well No. 4)
pumped at a rate of 280 gpm and two other town wells were used as
observation wells. A research station was drilled by the SWCB to
provide additional data and observation wells. Figure c-l shows the
location of the Town of chincoteague well field and the research
station. Figure C-2 shows the lithology and screen locations of
the wells. Theis log-1og curves were drawn for the pumping period
of four wells (Figures C-3-C-6) and Jacob semi-log plots were drawn
for the recovery period of five wells (Figures C-7-C-I1). The
resulting transmissivities and storage coefficeints are tabulated
below.

Transmissivity

Prod.uction well (100-28

Observation well (100-320)

Observation weII (fOO-452)

Observation well (100-450)

Observation well (100-451)

Pumping
Period

22920

19447

8672

4228

Recovery
Period

Storage
Coefficient

0.000071

0. 000098

0. 000095

0.00048

early 7274
late 10560

1s562

18480

12118

8213

T\ro of the observation wells (lO3-320 and 10O-452) are multi-
screened and since the upper screens are open to a layer which was
ninimally affected by the punp test, higher transmissivity values
resulted.. Both shal]ow and an intermediaLe zone well (wells 100-448
and 449) were also monitored but showed no drop in water levels due
to pumping.

A distance-drawdown graph was drawn (Figure 25) using a trans-
missivity of 8,4OO gEd/ft and a storage coefficient of 0.0002, with
a continuous pumping period of four days. The larger pumping values
can only be attained using several wells spaced some distance apart
and thus only the greater distances should be used to evaluate the
drawdowns at these purnping values.
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